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Novel fat powders 

Background 

Animal and vegetable fats for human and animal nutrition consist of a large number 
of different fatty acids. Numerous studies have shown that, among the large number 
of different fatty acids, some are of little particular physiological importance for the 
metabolism, while others are used primarily for energy provision and as depot fat. 

The physiologically significant bioactive fatty acids include the so-called long-chain 
polyunsaturated fatty acids of the omega-3 and omega-6 type (LCPUFA having 20 or 
more carbon atoms). The most prominent representatives of this class of fatty acids 
are arachidonic acid (ARA; 20-4co6), eicosapentaenoic acid (EPA; 20-5033), docosa- 
hexaenoic acid (DHA; 22-6co3) and docosapentaenoic acid (DPA; 22-5ca3). Other 
Important bioactive fatty acids are special C18 fatty acids, particularly y-iinolenic acid 
(GLA; 18-30)6), stearidonic acid (SDA; 18-4<o3) and conjugated linoleic acids (CLA). 

Oils and fats with high contents of physiologically valuable bioactive fatty acids, 
especially long-chain polyunsaturated omega-3 fatty acids (e.g. from fish oils, etc.), 
are chemically relatively unstable and tend to oxidize even under mild conditions. 
This means that the incorporation of these oils and fats Into Industrially produced 
foods necessitates special processing or requires the addition of natural and/or 
synthetic antioxidants. 

State of the art 

For incorporation into foods, oils and fats with high contents of physiologically 
valuable bioactive fatty acids are nowadays microencapsulated in special processes. 
This not only makes the oils and fats easier to process, but also results In an 
Improved chemical stability and hence ensures that the manufactured products have 
better keeping properties. 

One disadvantage of microencapsulated oils and fats Is the high price due to the use 
of expensive production technologies. Another disadvantage Is the limitation to 
microencapsulated products with a fat content of about 25 to 30 wt.% of the fat 
powder dry matter. Furthermore, the microencapsulated oils and ftits available 



Omega for Life GmbH 



-2- 



9A-98 851 



hitherto have disadvantages in respect of the physiological value and acceptance of 
the encapsulating materials (such as gelatin and other proteins) and in respect of the 
absorption and bioavailability of the encapsulated oils and fats. 

The object of the present Invention is to provide a stabilized fat product which avoids 
the microencapsulation technique and can be prepared simply and economically. 
The fat product should also be capable of having a fat content of more than 30 
wt.%, based on the dry matter. 

Description of the invention 

This object is achieved according to the invention by the provision of a fat product 
based on whole egg or egg yolk according to Claim 1 or 13. 

It was found, surprisingly, that the fat product according to the invention exhibits a 
high oxidation stability and bioavailability of the long-chain polyunsaturated bioactive 
fatty acids. The chemical stability of these fat products exceeds the stability of 
microencapsulated oils and fats produced according to the state of the art. 
I^oreover, it could be established that the bioactive fatty acids based on egg or egg 
yolk have a higher absorption rate and bioavailability than the pure oils of the 
corresponding fatty acids. This is attributable Inter alia to the high proportion of 
phospholipids, primarily phosphatidylcholine. Furthermore, the fat products In the 
form of egg yolk proteins according to the Invention contain a substantial proportion 
of physiologically very high-value proteins and only a very low proportion of 
cholesterol. 

In addition, by virtue of the inexpensive production process, which can also be 
operated on the industrial scale, the fat products according to the invention can be 
prepared economically. 

Another advantage of the present invention is that it is possible to provide stabilized 
fat products with a fat or oil content of more than 30 wt.% and preferably of more 
than 50 wt.%, based on the dry matter. 

The fat product according to the invention is based on whole egg or egg yolk, i.e. the 
non-fat component of the product consists essentially of whole egg or egg yolk 
constituents. Within the framework of the present Invention, it Is preferable to use 
hens' eggs, but It Is possible quite generally to use birds' eggs and especially poultry 
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eggs. Egg and egg yolk powders have a variety of uses in the food industry, the 
Individual products being enzymatically or microbially pretreated in some cases 
(protein, phospholipid and/or carbohydrate degradation) or substances (e.g. salts, 
carbohydrates, etc.) being specifically added. 

The fatty acid component of egg and egg yolk powder has only small contents of 
bloactive fatty acids. Long-chain polyunsaturated fatty acids (LCPUFA) account for 
only up to approximately 5 wt.% of the overall fatty acid component of total egg 
yolk. This is attributable to the fact that LCPUFA occur in egg yolk powder almost 
exclusively in the form of phospholipids. By using a specific hen feed, the 
triglycerides, which make up approx. 60 wt.% of the egg yolk fats, can be enriched 
in their content of polyunsaturated fatty acids having up to 18 carbon atoms, but not 
LCPUFA. The special fatty acids GLA, SDA and CLA in egg yolk each account for only 
up to 1 wt.% at most of the total fatty acid component and their proportion can 
likewise only be increased slightly through the feed. 

The fat products according to the invention include a fat or oil component containing 
triglycerides and/or phospholipids of long-chain polyunsaturated fatty acids having at 
least 20 carbon atoms, the proportion of long-chain polyunsaturated fatty acids 
having at least 20 carbon atoms being more than 5 wt.%, especially more than 6 
wt.%, preferably 10 to 70 wt.%, particularly preferably 15 to 50 wt.% and very 
particulariy preferably 20 to 30 wt.% of the total fatty acids. Within the framework 
of the present invention, the expression 'fat or oil contenf is understood as meaning 
the so-called total fat content (total lipid content) under which all the possible fats or 
lipoids are classified, such as oils, fats (triglycerides), phospholipids, glycoliplds, 
sphingolipids, sterols, fat-soluble vitamins, etc. 

The long-chain polyunsaturated fatty acids are omega-3 and omega-6 fatty acids 
having at least 20 carbon atoms, preferably 20 or 22 carbon atoms. These fatty 
acids preferably have 4, 5 or 6 C-C double bonds. The most prominent 
representatives of this class of fatty acids are arachidonic acid (ARA; 20-4<o6), 
eicosapentaenoic acid (EPA; 20-5co3), docosahexaenoic acid (DHA; 22-6co3) and 
docosapentaenoic acid (DPA; 22-5(o3). In addition, the fat and oil component can 
also contain other fatty acid phospholipids and/or fatty acid triglycerides. These fatty 
acids are saturated or mono- or polyunsaturated fatty acids such as the ones 
generally known to those skilled In the art. 
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The fat products according to the invention can also comprise conventional known 
additives, e.g. stabilizers, preservatives, antioxidants, flavourings and/or other oil- 
soluble nutrients (such as beta-carotene, lutein, lycopene, coenzynrie QIO, 
astaxanthin, etc.). 

The fat or oil content of the fat products according to the Invention is more than 10 
wt.%, preferably more than 30 wt.% and particularly preferably more than 50 wt.%, 
based on the dry matter. The fat or oil content is preferably between 50 and 60 
wt.%. 

The fat product according to the invention is preferably in solid form. Solid forms 
include e.g. powders, granules, agglomerates or else grit of different particle sizes. 
The fat product is preferably in powder form. The fat products according to the 
invention can also be in liquid form. 

In one preferred embodiment, the fat or oil component containing long-chain 
polyunsaturated fatty acids originates from animal fat, marine oils and fermentation 
oils. These include especially fish oil, marine animal oil, marine mammal oils, e.g. 
seal oil, bacterial oils, algal oils, fungal oils or single-cell oils. Examples of fish oils 
which can be used are mackerel oil, salmon oil, tuna oil, herring oil and sardine oil. 
It Is preferable to use tuna oil, fish oil, single-cell oil or seal oil. Mixtures of these can 
also be used. It is also possible to use synthetic fats or oils containing long-chain 
polyunsaturated fatty acids. Vegetable oils, on the other hand, contain no long-chain 
polyunsaturated fatty acids having at least 20 carbon atoms. 

Furthermore, the fat product according to the invention has a carbohydrate content 
preferably of at most 15 wt.%, particularly preferably of at most 10 wt.% and 
especially of at most 5 wt.%. 

The fat products according to the invention can advantageously be employed in the 
manufacture of products for the human nutrition sector as well as for the animal 
nutrition sector. 

In the human nutrition sector, use of the fat powders according to the invention 
makes it possible to provide foods, food supplements and special diets with a high 
content of long-chain polyunsaturated fatty acids having at least 20 carbon atoms. 
The invention further relates to foods, food supplements and special diets containing 
the fat product according to the Invention. 
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As distinct from conventional fat powders, wliich are frequently produced on tlie 
basis of modified starclies, maltodextrins and tlie lil<e, use of the fat products 
according to the invention additionaliy mal<es it possible to produce foods that are 
poor in carbohydrate but enriched in bioactive fatty acids, and hence e.g. to satisfy 
the requirements of low-carb diets (such as the Atlcins diet, the Agatson diet, the 
South Beach diet and the Glyx diet). 

As well as being used in the human nutrition sector for the production of traditional 
and novel foods (functional foods) and food supplements and special diets, the fat 
products according to the invention can also be used In the animal nutrition sector 
and the special animal food supplement sector. 

This further use applies both to solid fat products based on whole egg or egg yoll< 
comprising a fat or oil component containing triglycerides and/or phospholipids of 
long-chain polyunsaturated fatty acids having at least 20 carbon atoms, and to solid 
fat products based on whole egg or egg yolk comprising a fat or oil component 
containing triglycerides and/or phospholipids of y-linolenic acid, stearidonic acid 
and/or conjugated linoleic acid. 

The animal nutrition sector In which the products may be used includes the following, 
inter alia: 

• feed for slaughter animals (pig, piglet, cow, calf, rabbit, hare, etc.) 

• food for domestic animals (dog, cat, etc.) 

• feed for horses used for sport (jumping, racing, dressage) 

• food for racing dogs 

• food for aquarium fish 

• food for farmed fish (salmon, cod, sea bream, mackerel shark, etc.) 

• food for other types of aquaculture (prawn, crab, etc.) 

• rearing food for juvenile fish and animals used as fish food (artemia, rotifer, 
etc.) 

In said application sectors of animal nutrition, the fat powders according to the 
invention can be employed e.g. in permanent feed, in rearing feed for juvenile 
animals, in special feed for pregnant and suckling females, and other special feeds. 
The invention furt:her relates to animal feeds containing the fat product according to 
the invention. 
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To prepare the fat products according to the invention, the endogenous fat 
component of the whole egg or egg yolk is replaced with a fat or oil component 
containing triglycerides and/or phospholipids of long-chain polyunsaturated fatty 
acids. I^ore precisely, the egg oil (triglyceride) plus cholesterol present in the egg 
yolk in a proportion of approx. 35 to 40 wt.%, based on the dry matter, is removed 
to the greatest possible extent and replaced with fats or oils which have the desired 
composition and the desired content of long-chain polyunsaturated bioactive fatty 
acids. As indicated previously, these are preferably animal fat, marine oils, 
fermentation oils, special vegetable oils and/or mixtures thereof. 

Conventionally, the starting material for the preparation of the fat products, 
especially the fat powders, is preferably either liquid or spray-dried egg yolk. In the 
case of liquid egg yolk, the endogenously present egg oil can be removed by 
centrifugal separation techniques (possibly after breaking of the emulsion). The 
desired fat or oil or the fat or oil mixtures are added to the liquid egg yolk from which 
the oil has been removed, the former usually being stabilized with suitable 
antioxidants (e.g. vitamin E, ascorbyl palmitate, rosemary extracts, green tea 
extracts or the like). The homogeneous mixture of the two components can then be 
dried by suitable methods known to those skilled in the art, e.g. by means of spray 
drying or freeze drying, it being possible for the particle size and the flow properties 
to be specifically adjusted, if appropriate, by other process steps, such as 
agglomeration or grinding, with which those skilled in the art are generally familiar. 
The solid fat product is preferably In powder form, but products in the form of 
granules or grit, for example, can also be obtained by suitable processing methods. 

In the preparation of the fat powders starting from spray-dried egg yolk, the 
endogenously present egg oil can be removed in a one-stage or multi-stage process 
and replaced with the oil or fat. Such processes are known to those skilled in the art 
and, in addition to extraction with supercritical gases (e.g. CO2 high pressure 
extraction), also include e.g. a pressing process where the oil-based treating agent is 
pressed through the dry egg product. Subsequent drying processes are not usually 
necessary with this procedure, but can optionally be carried out. The particle size 
and the flow properties can be specifically adjusted in the manner stated above. 

The invention further relates to the observation that the use of whole egg or egg 
yolk contributes to the stabilization of fat or oil. This stabilization method is 
particularly suitable for the stabilization of fat or oil containing biologically active fatty 
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acids such as long-chain poiyunsaturated fatty acids with a chain length of 18 to 22 
carbon atoms. 

The Invention further relates to fat products based on whole egg or egg yolk which 
comprise a fiat or oil component containing triglycerides and/or phospholipids of y- 
linolenic acid, stearidonic acid and/or conjugated linoleic acid, the proportion of at 
least one of these fatty acids being more than 1 wt.%, especially more than 2 wt.%, 
preferably 5 to 70 wt.%, particularly preferably 10 to 50 wt.% and very particularly 
preferably 20 to 40 wt.% of the total fatty acids. In one preferred embodiment, this 
oil component originates from special vegetable oils, e.g. borage oil or vegetable oil 
with a high CLA content, which can be prepared e.g. from plant raw materials by 
chemical or enzymatic methods. The isomers of the conjugated linoleic acid are 
especially 9,11-c/t-linoleic acid (CLA) and 10,12-t/c-linoleic acid (CLA). 

Reference is made to the above remarks as regards preferred embodiments of the 
fat products containing y-linolenic acid, stearidonic acid and/or conjugated linoleic 
acid, their use in foods, the process for the preparation of these fat products and the 
use of whole egg or egg yolk for the stabilization of fat or oil containing triglycerides 
of these fatty adds. 

Examples 

The Invention Is illustrated in greater detail below with the aid of Examples. The 
overall fatty acid compositions of the fat products from the Examples are reproduced 
In the Table. 

Example 1 : 

Fat powder with a high content of eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA), based on seal oil 

The fat product based on egg yolk was prepared by separating the egg oil from the 
liquid egg yolk by means of a centrifugal separation process. Seal oil was then 
added In a ratio of 2:1 (v/v) to the egg yolk from which the oil had been removed, 
and the product was homogenized and then dried by freeze drying. 

The product obtained has a fat content of more than 50 wt.% of the dry matter, 
which Is made up of about 35 wt.% of phospholipids and about 65 wt.% of 
triglycerides. The protein content Is approx. 40 wt.% of the dry matter. By virtue of 



Omega for Life GmbH 



-8- 



9A-98 851 



using seal oil, the proportion of EPA is approx. 5.2 wt.%, that of DPA approx. wt.% 
and that of DHA approx. wt.% of the total fatty acids. 

Example 2 : 

Fat powder with a high content of docosahexaenoic acid, based on tuna oil 

The fat product based on egg yolk was prepared by separating the egg oil from the 
liquid egg yolic by means of a centrifugal separation process. Tuna oil was then 
added in a ratio of 2:1 (v/v) to the egg yolk from which the oil had been removed, 
and the product was homogenized and then dried by freeze drying. 

The product obtained has a fat content of more than 50 wt.% of the dry matter, 
which is made up of about 35 wt.% of phospholipids and about 65 wt.% of 
triglycerides. The protein content Is approx. 40 wt.% of the dr/ matter. By virtue of 
using tuna oil, the proportion of EPA is approx. 4.3 wt.% and that of DHA approx. 
20.3 wt.% of the total fatty acids. 

Example 3 : 

Fat powder with a high content of eicosapentaenoic acid and docosahexaenoic acid, 
based on fish oil 

The fat product based on egg yolk was prepared as described in Example 2, except 
that the tuna oil was replaced with an EPA-rich fish oil of South American origin 
(anchovy, mackerel). 

The product obtained has a fat content of more than 50 wt.% of the dry matter, 
which is made up of about 35 wt.% of phospholipids and about 65 wt.% of 
triglycerides. The protein content is approx. 40 wt.% of the dry matter. By virtue of 
using a fish oil, the proportion of EPA is approx. 13.7 wt.% and that of DHA approx. 
10 wt.% of the total fatty acids. 

Example 4 : 

Fat powder with a high content of docosahexaenoic acid, based on single-cell oil 

The fat product based on egg yolk was prepared as described in Example 1, except 
that the seal oil was replaced with a DHA-rich single-ceil oil (microalgae). 
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The product obtained has a fat content of more than 50 wt.% of the dry matter, 
which is made up of about 35 wt.% of phospholipids and about 65 wt.% of 
triglycerides. The protein content is approx. 40 wt.% of the dry matter. By virtue of 
using a microbial oil, the proportion of DPA is approx. 12 wt.% and that of DHA 
approx. 30 wt.% of the total fatty acids. 

Example 5 : 

Fat powder with a high content of conjugated linoleic acid (q)3-LCPUFA) 

The fat product based on egg yoll< was prepared as described in Example 1, except 
that the seal oil was replaced with a CLA-rich vegetable oil. 

The product obtained has a fat content of more than 50 wt.% of the dry matter, 
which Is made up of about 35 wt.% of phospholipids and about 65 wt.% of 
triglycerides. The protein content Is approx. 40 wt.% of the dry matter. By virtue of 
using a specific vegetable oil with a high CIA content, the proportion of CLA, 
especially the isomers 9,11-c/t-linoleic acid (CLA) and 10,12-t/c-linolelc add (CLA), is 
approx. 60 wt.% of the total fatty acids. 

Example 6 : 

Fat powder with a high content of gamma-linolenic acid ((o6- PUFA) 

The fat product based on egg yolk was prepared as described in Example 1, except 
that the seal oil was replaced with a GLA-rich borage oil. 

The product obtained has a fat content of more than 50 wt.% of the dry matter, 
which is made up of about 35 wt.% of phospholipids and about 65 wt.% of 
triglycerides. The protein content Is approx. 40 wt.% of the dry matter. By virtue of 
using a special vegetable oil (borage oil), the proportion of GLA is approx. 19 wt.% of 
the total fatty acids. 
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Table 1 

Composition of tine fat powders from tlie Examples 



Parameter 


Ex. 1 


Ex.2 


Ex. 3 


Ex. 4 


Ex. 5 


Ex. 6 




seal oil 
powder 


tuna oil 
powder 


fish oil 
powder 


Single- 
cell oil 
powder 


CLA oil 
powder 


boraae 
Oil 

powder 
















Fattv acid 




























14-0 


3.2 


2.6 


5.1 


5.7 






16-0 


12.8 


21.5 


19.5 


24.3 


9.5 


13.8 


18-0 


4.8 


8.0 


6.5 


4.6 


6.2 


6.2 


18-1 


25.1 


16.4 


15.8 


7.1 


16 


17.2 


18-2(06 


6.1 


6.3 


6.0 


5.2 


6.3 


34.3 


18-3(03 


0.5 


0.7 


0.7 


0.3 


0.1 


0.1 


18-3(06 


0.1 


0.2 








18.9 


20-4(06 


1.9 


3.0 


1.6 


2.3 


1.6 


1.6 


20-5(03 


5.2 


4.3 


13.7 


1.8 






22-5(06 








11.9 






22-5(03 


3.0 


0.9 


0.1 


0.1 


0.1 


0.1 


22-6(03 


7.2 


20.3 


10.1 


29.9 


0.9 


0.9 


Total CLA 










59.9 





Example 7 : 

A fat powder product according to the invention for the animal feed sector Is 
illustrated below by way of example. The product composition is reproduced in Table 
2. 

This fat powder rich in eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) 
was prepared by physical replacement of the endogenously present egg oil with an 
EPA/DHA-rich fish oil by means of a pressing process followed by grinding. The 
product obtained has a fat content of more than 60 wt.% of the dry matter, at least 
10% of the dry matter being in the form of phospholipids. The protein content is at 
least 30% of the dry matter. By virtue of the type of fish oil used, the EPA content is 
approx. 3% and the DHA content approx. 5% of the dry matter (corresponding to 
respective proportions of approx. 6% and 8% of the total fatty acids). 
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Table 2: Omega-3-rich fat powder for the animal feed sector Quvenile animal 
rearing) 

Composition: Fish oil 

5 Vegetable oil 

Egg yolk 

Analytical data: Total fat > 60% DM 

Protein > 30% DM 

10 Lecithin > 10% DM 

Carbohydrates < 5% DM 

Residual moisture < 5% DM 

Cholesterol < 1% DM 

15 Fatty acid content: EPA (20-5co3) approx. 3% DM 

DHA (22-60)3) approx. 5% DM 

Total omega-3 content approx. 10% DM 



20 Physicochemical parameters: Colour yellowish 

Solubility water-soluble 
Taste typical 



